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ABSTRACT

In the rapidly developing modern football, the set pieceisregarded asan
important tool to score by all nationsteams. In all kinds of set pieces, the
swerving kick has the most precision. Because its flying path is like a
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banana, so it is aso called “banana kick”. By detailed analyses in basic
mechanics and fluid mechanicsto the motion of the ball, this paper triesto
providethefactorsthat form the “banana kick”, with study on mechanical
parameters’ influence on the state of motion of the ball. Results reveal
that: Bananakick smulated with M athematic by parameter equati ons based
on mechanics model, is able to explain the classical theories about the
flying path of football in mechanics and fluid mechanics, and serves the

fundamental theories for this sport.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Spinning and fast, the bananakick hasbecomean
important skill to scorein football. In the match be-
tween Franceand Austria, 12th World Cup, oneFrench
player managed to present abananakick that rounded
thewall and went into thefar corner of thenet, solidify-
ing thevictory for histeam. The magic of the banana
kick was out of imagination then. After 12thWorld Cup,
the swerving bal hasbecomeapopular skill.

Many researchesare donein Chinaon therelating
mechanicstheoriesand techniquesabout spinning ball.
In this sport, there are aready top players who can
performthisskill to an extraordinary level with good
and effectivetechnique. However, their techniquesare
not necessarily eligibleasbasic theoriesfor research.

Previous studies have already improved the footbal |
technique with scientific study and correct analytic
method. Inthemeantime, samecontribution canbedone
by mechanicsand fluid mechanicsandys's, makingthis
field of study possiblefor further advances.

This paper does away with previous methods on
thistopic, and adopted thekinematic mechanics, anatu-
ral science, asthetool of study football sport. It pro-
videsindetall themomentum and acting forceanalysis
when the body contactsthe ball, aswell astheflying
path and placement analysisof theball in motion. The
flying path iss mulated from the perspective of footbal
mechanics. All of the above present accurate descrip-
tionson therelation between the kicking force onthe
ball and itsflying path. It ishoped this paper can help
the popularization of football and training of players.
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Also, itisexpected that by this study, teaching can be
better donein classes of this sport and physicscan be
closer to everyday life, including thegameof football.

BERNOULLI’SPRINCIPLEAND
MAGNUSEFFECT

Bernoulli’sprinciple

It can belearned by an experiment. Taketwo pieces
of paper, just likeFigure 1.
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Figurel : Diagram of Bernoulli’sprinciple

Put two piecesof paper in parald infront of one’s
faceclosdly. Whenair isblown into the space between
two pieces of paper, one would find that, instead of
going further from each other, two pieces of paper go
closer. Thereasonisthat theair flow in betweenisona
higher speed than outside air flow, so two pieces of
paper are subject to pressurer, andr, which make
themgo closer. Inequation, itis.

1
Epv2+pgz+p=k (1)

Itiscaled Bernoulli’s equation. The equation shows
that when theflow speed v ishigh, the pressure Pis
smal. Whilevislow, thepressurePislarge.

Magnus effect

Takethisleft-going ball asan example. Seefigure
below:

Whentheball goesin anticlockwisespinasshown
inFigure2, theair abovetheball isaffected by thespin
and moves|eftward. And because the ball goes | eft-
ward too, sotheair hasrelative velocity to theright to
theball. Two velocitiesabovewill partidly offsetseach
other asthey are on opposite direction, which makes
theair flow vel ocity smaller and pressure higher above
theball. Whilefor theair below theball, itismoving
rightward. Theball goesleftward sothear hasreative
velocity totheright to theball aswell. Two velocities
areon samedirection, making the air below the ball
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goesquicker and haslower pressure. Asaconsequent
tothepressuredifference of thetwo, theball will drop
totheground earlier than normal. Thiskind of ball is
called top spinin bananakick. If theball goesleftin
clockwiseasshowninFigure 3, itiscalled back spin.

v
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Figure2: Ball goesforward whilein anticlockwise spin
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Figure3: Ball goesforward whilein clockwise spin

v

MECHANICALANALYSISFOR
SPINNING BALL INMOTION

For ceson thespinning ball

Trandation principlecan be gpplied tothespinning
ball. Theacting force(L) which deviatesfrom the cen-
trewill produce moment of force(M) to maketheball
spinandforcetoinducetrandation motion(F), asshown
inFigure4.

According to mechanics principles: Moment of
force of spinning M=acting force (F) x arm of force

F

Figure4: Moment of forceof Spinning.
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(L). It can be deduced that the speed of spinning is

determined by the strength of the acting forceand the

length of arm of force. For afixed centreof theball and

actingforce, thelonger thearm of force, the stronger

therotary force, and viseversa.
Followingareactingforcesontheball whenitisin

theair:

(a) gravity onthe spinning ball

G=mg @

Inabove, G isthedownward gravitational force; mis

themassof ball; g gravitational acceleration

(b) ar resistanceonthe spinning ball

F=cpAV?/2 ©)

Inabove, E isthear resstanceonfootbdl; cisthedrag

coefficient, whichisrelated totheshapeof thebdl; p is

thedengity of air; aistheareaof crosssection

(c) Magnusforceon thespinning ball

L =8npa’v/3 4)
K =cpA/2, G =8rpaa’/3areintroduced tofacilitate cal-

culaion.
Then
F=Kv2L=Gv ®

Moment of air resistance on centre of ball islittle
and can beomitted. Because of angular momentum con-
servation, it can be deduced from equation (2) that the
ar resstanceof thebdl isindirection proportiontoits
horizontal velocity squared. Thisresistancewill make
the horizontal vel ocity decreasefaster.

Inthe other hand, the anel asticity makesthat the
frictionmoment oninsdeof theball isin direct propor-
tionto coefficient of viscogty of air and angular vel ocity
gradient. Thecoefficient of viscodity of arissmdl; there-
forethemoment of anelasticity makestheangular ve-
locity decrease very slowly. When the ball goesfor-
wardinspin, theviscosity of air resultsinthat theair on
the surface of the ball goes spinwith theball and thus
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Figure5: Diagram of air current on horizontal crosssection
of ball

form generd circulation around theball. Asshownin
Figureb.

InResearchon Law of Footbal | Motion, Long Geqi
of Zhgiiang Norma University adopts Magnus effect
and air resistancetheoriesto find thelaw of motion of
spinning ball, and points out that the flying path of a
spinning ball isaspacecurve.

L aw of motion of spinning ball

When anobjectisin spin, it will takethefluidin
direct contact withitinto spin. AsshowninFigure6,A
and B indicatetheba | anditsspin direction of itsbound-
ary layer. Thedirection of air in boundary layer onbdl’s
left isthesame of that of air current, whilefor theright
Sdeit’s in opposite direction. This difference results in
the pressure difference of two sides. A low pressure
areawill form at theleft Ssde, wheretheair flow direc-
tionisthesamewiththeair current, and for theright
sidetherewill beahigh pressurearea. Theresult of the
pressure difference of two sidesisthat theball issub-
ject to aresultant force from right toleft, which will
maketheball deviatefrom thestraight path.

I Schedule fly path I
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Figure6: The spinning resultsin the pressur e difference
and ball’sdeviation from gtraight path

Whentheball goesinrapid spin, the pressuredif-
ferencewill formduetotheair resstance. Thepressure
differenceiscondtituted by theforwarding velocity and
theresultant vel ocity of deviation velocity (by pressure
difference) influenced by air resistance. InHebel Aca
demic Journd of Sport Ingtitutes, Li Fuquan pointsout
that therearethree kindsof curvaturesof curvewhen
theair flow velocity iscertain :(seeFigure7):

(1) Whenforwarding vel ocity ishigher than spinning
velocity intheformer half of motion, the curvature
issmall andthe pathiscloseto straight line.

(2) Whenthedeviation velocity iscertain, higher for-
wardingveocity will resultinsmd ler curvature.
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Figure 7 : Influence to Spin Direction by Air Pressure
Difference

(3) Whentheforwarding velocity iscertain, higher de-
viaionveocity will resultinlarger curvature.
Theflying path of theball showsthat the curvature

informer half of pathissmaller, inlater hafislarger.

Theforwarding distanceis shortened and the dropping

veocityishigher.

For thesamereason, theair flow around thebdl is
moving around thevertical axisof thebal for in-going
spinning and out-going spinning. Therefore, thediffer-
enceinflow velocity resultsinapressure difference.
Thiswill maketheflying path of theball deviatetothe
sidethat has smaller pressure, thusin-going and out-
going spinningismeade.

THEORIESOF “BANANA KICK

Conditionsrequired for abananakick

From the above, it can be deduced that there are
two mechanica conditionsrequired for aspinning ball:
(1) Theactingforce (resultant force) isnot on the cen-
treof gravity———this would make the ball spin; a
(2) A certain degree of deviation—————the flying

path of theball changesduetotheair.
M echanical Analysisof BananaKick

When player kicks the ball, and the acting
force g goesthrough the centre of ball’s gravity: The
ball will go forward without spin (direction of acting
forceisthenormal) and with 100% kick power. It means
F1=Fx100%. This force will not make the ball spin.

When player kickstheball, and theacting force F
does not go through the centre of ball’s gravity: The

BioTechnology —

forceformsanangleof o1 = 30, and eccentric distance
ISX1 = 5.55cm. Thebdl’s (official match ball) circum-
ferenceise8 — 77cm, andthe F, by thetangent linewill
produce moment of forceto maketheball rotatearound
thetangent of F, astheaxis. Themoment of forcewhen
kickingis.
M, =F,xr (6)

In above equation, | is the moment of force,
andF, is the tangent line component force
andF2 = F /2;ristheradiusof bal.

Thecomponent force by tangent line F, determines
the direction and distance of the traveling of ball,
andF, = 86.6%x F . It will make the ball goesin

F, directionwith small curvature (theoretically the.cur-

vatureist/3).
hentheactingforceformsag, 2 = 60 anglewiththe
normal, the eccentric distance isX2=9.6cm-.

TheF, by thetangent linewill producemoment of force,
whichwill makethebal spininthedirection of tangent
lineof F,. Themoment of forceis:
M,=F,xr @)

In above equation, M, isthe moment of force,

and F, isthetangent linecomponent forceand; r isthe
radiusof ball.

Thecomponent forceby tangent line F, determines
the direction and distance of the traveling of ball,
andr, =50%x F . Itwill maketheball goesinF, direc-
tionwith large curvature (theoretically the curvature
iIS27 /3 ) and short distance.

When the angle between acting forceand the nor-
mal o2 = 90, which meansthetwo is perpendicular,
only moment of forcethat makestheball spinwill pro-
duce. Thiswould not maketheball travel soaspinning
ball by inner sdeof footisimpossible.

Whenthekicking actingforce g isnot onthecen-
treof gravity of ball, the acting force can beresolvedd

intothenormal component force F, and tangent linecom-
ponent force F, . Theresult of tangent line component

Hn Tudian Jounual
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forceF, isto makethebal moveforward at the veloc-

ity of V, ; thetangent line component forcewill resultin
that the ball spin at the velocity of. It can be deduced

from basic mechanicsformulas:

Fxt=mxV ®

V=Ft/m ©)

Theball’s forwarding velocity is: @

Fxtxx=Jxa (10)
Ftx

0= 1)

Because the mass and rotational inertiaare con-
stant, thelarger theforceontheball g and longer the
timet , thehigher theforwarding velocityyy andangular
velocity o of rotation; viseversa, the smaller theforce
on the balland shorter time, thelower theforwarding
velocityand angular vel ocity of rotation. Thelarger the
arm of acting force, the larger the kicking angle and
higher therotation angular vel ocity; inthe other hand,
thesmaller thearm of acting force, thelower theangu-
lar velocity. After combining thetwo motion by thecom-
bination law (parald ogram method), it can be deduced
that: the higher theforwarding vel ocity\/ and rotation
angular vel ocity, thefaster theba | will travdl andsmdler
the spinning curvaturewill be; ontheopposite, thelower
theforwarding ve ocityand rotation angular vel ocity, the
dower theball will travel and smdler the spinning cur-
vaturewill be.

MATHEMATIC SIMULATION OF
“BANANAKICK” PATH FORMATION

“Banana Kick” is the motion process of the result-
antforceof threedirections. Ineachdirection, theforce
can befurther resolved as horizontal movement and
rotation. Theforceontheball whentheball isinair
includesgravity and air resistance. Thegravity iscon-
gtant whiletheair resstanceisproportiond tothesquare
of surfacevelocity of ball. Thepath of centre of massis
thereflection of theall above. The parameter equations
(13) can be deduced from theforces on theball after
thekick:

-kt
kx(t) = %vo cos o{l—e m ]

y(t) = % v, cosﬂ(l— e_ml)

=kt
m mg ) mgt
t)=— —Fl1—em |-—=
2(t) " (vocosy+ " ){ e ) o

(1) = k[, (@(t)xr)*dt +a,

(13)

In equations (13), x(t),y(t) z(t),»(t)Stand for the
movement and angular velocity in three perpendicul ar
direction. &, 3, y stand for theangleswith three coor-

dinateaxes. k istheair resistance coefficient. v, isthe

kick velocity. misthemassof footbdl. r istheradiusof
footbadl.

To smulatethe path of footbal, thefollowing val-
uesare set: themassis0.44kg; the perimeter is0.7m;
thekickingvelocity is25my/s. Theangle between kick-
ingvelocity and x axisis 300, between kicking vel ocity
andy axis 0o, between kicking vel ocity and z axis 600.
Therotationangular velocity is13.5rad/s. Air resstance
coefficientis 1.2. Only therotation around acertain
axisisconsidered, and situation that theball rotatesin
multipledirectionisnot considered.

Thefigure8 showsthat theair res stance produces
amgor influence. On thedirection of rotationthefric-
tional resistance and pressureresi stance makethe ball
go back. Inreality thereal path of bananakick isclose
to thesimulation. Thereforethe model in parameter
equations (13) isan idea smulation to the motion of
bananakick.

Figure8: Mathematic smulation path

CONCLUSION

By cal culation on the formation of bananakick in
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football andits physica forceandysisby fluid mechan-
ics, thispaper deducesthe detailed cal culation equa
tionsof themotion of footbd |, which hep football fans
better understand the physics. At thesametime, this
paper put thetheoriesin physicsinto practice, making
agood combination of thetwo.

Inred football, we can better understand the char-
acteristicsof flying path of footbal | by practisng on ad-
justing the power, direction or kicking position. The
computer S mulation technol ogy made mechanicsmode
verification easer. Thisisproven by thesmulation path
inthispaper, whichiscritical to understand and usethe
Spinningtechnique.
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